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WHAT IS CLAIMED IS: 

M. A memory , comprising; 

a first recording layer for recording information 
by utilizing a reversible phase change between a orystalllne 
phase and an amorphous phase which occurs due to increases 
in temperature caused by application of an electric current 
pulse; and 

a second recording layer for recording information 
by utilizing a reversible phase change between a crystalline 
phase and an amorphous phase which occurs due to increases 
in temperature caused by application of an electric current 
pulse. 

wherein the crystallization temperature of the 
first recording layer, T x i, and the crystallization 
temperature of the second recording layer, T x2 , have the 
relationship < T x2 , 

the crystallization time of the first recording 
layer, t xi , and the crystallization time of the second 
recording layer, t x2 , have the relationship t«i > t x2 , and 

Rai+R*a» R«i+Rc2* Rci+R«2, andR^i+Roa are different from 
one another where the resistance value of the first recording 
layer in the amorphous phase is R«i , the resistance value 
of the first recording layer in the crystalline phase is R^, 
the resistance value of the second recording layer in the 
amorphous phase is R« 2 , and the resistance value of the second 
recording layer in the crystalline phase is R^. 

2 . A memory according to claim 1, wherein the melting point 
of the first recording layer, T«i, satisfies the relationship 
400 £ T„,i( 0 C) £ 800. 
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3 . A memory according to claim 1, wherein the melting point 
of the second recording layer, T M , satisfies the 
relationship 300 as T^CC) s 700. 



4. A memory according to claim 1, wherein the 
crystallization temperature of the first recording layer. 
T»i, satisfies the relationship 130 s T x i(°c) s 230. 

5. A memory according to claim 1, wherein the 
crystallization temperature of the second recording layer . 
T x2 , satisfies the relationship 160 * T x3 l°C) s 26 0. 

6. A memory according to claim 1, wherein the 
crystallization time of the first recording layer. t xl , 
satisfies the relationship 5 « t x i(ns) s 200. 

7. A memory according to claim 1. wherein the 
crystallization time of the second recording layer, t x2 , 
satisfies the relationship 2 a; t x2 (ns) * 150. 

8. A memory according to claim 1, wherein: 

the first recording layer includes three elements, 
Ge, Sb, and Te; and 

the second reoordlhg layer includes (Sb-Te)-Ml, 
where Ml is at least one selected from a group consisting 
of Ag, In, Ge, Sn, Se, Bi, Au, and Mn. 

9. A memory according to claim 1. wherein the first 
recording layer is formed on a substrate, and the upper 
electrode is formed on the second recording layer. 

10 . a memory according to claim 9 , wherein a lower eleatrode 
is formed between the substrate and the first recording 
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layer. 



11. A memory according to claim 1, wherein an intermediate 
layer is formed between the first recording layer and the 
second recording layer. 

12. A memory according to claim 1, wherein the specific 
resistance r al of the first recording layer in the amorphous 
phase is 1.0 £ r al (Q«cm) a: lxlO 7 . 

13. A memory according to claim 1, wherein the specific 
resistance r„ of the second recording layer in the amorphous 
phase is 2.0 £ r a3 (£2*cm) * 2xio 7 . 

14. A memory according to claim 1, wherein the specific 
resistance r cl of the first recording layer in the 
crystalline phase is lxlO" 3 £ r cl (Q-cm) s 1.0. 

15. A memory according to claim 1, wherein the specific 
resistance r o2 of the second recording layer in the 
crystalline phase is 1x10° * r o2 (Q'om) a l.o. 



1^. A writing apparatus for writing information in a memory, 
the memory including t 

a first recording layer for recording information 
by utilizing a reversible phase change between a crystalline 
phase and an amorphous phase which occurs due to increases 
in temperature caused by application of an electric current 
pulse ; and 

a seoond recording layer for recording information 
by utilizing a reversible phase change between a crystalline 
phase and an amorphous phase which occurs due to increases 
in temperature caused by application of an electric current 
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pulse, 

wherein the crystallization temperature of the 
first recording layer, T xl , and the crystallization 
temperature of the second recording layer, t x2 , have the 
relationship T„i < T xa , 

the arystallization time of the first reaording 
layer, t xl , and the arystallization time of the second 
recording layer, t* 2 , have the relationship t xl > t x2/ and 

R«i+R«a- Rai+Rcz* Roi+R«2-r and Roi+Rea are different from 
one another where the resistance value of the first recording 
layer in the amorphous phase is R. lf the resistance value 
of the first recording layer in the crystalline phase is R^, 
the resistance value of the second recording layer in the 
amorphous phase is R a3 , and the resistance value of the second 
recording layer in the crystalline phase is Ro 2 , and 

the writing apparatus including: 

a pulse generator for generating at least first to 
third electric current pulses; and 

an application seation through which the at least 
first to third electric current pulses are applied to the 
first recording layer and the second recording layer, 

wherein in order to change the first reaording layer 
from the amorphous phase to the crystalline phase while the 
phase state of the second recording layer is kept unchanged, 
the pulse generator generates the first electric current 
pulse which provides a temperature (T) that satisfies 
Tjci * T < T„ 2 during a time (t) that satisfies t„i a t, 

in order to change the second reaording layer from 
the amorphous phase to the crystalline phase while the phase 
state of the first recording layer is kept unchanged, the 
pulse generator generates the second electric current pulse 
which provides a temperature (T) that satisfies T x2 s T 
during a time (t) that satisfies t« s t < t xl , and 



P26110 

- 70 - 

in order to change both the fir at recording layer 
and the second recording layer from the crystalline phase 
to the amorphous phase, the pulse generator generates the 
third electric current pulse which provides a temperature 
equal to or higher than the higher one of the melting points 
of the first and second recording layers . 

17. A writing apparatus according to claim 16, wherein the 
pulse amplitude of the first electric current pulse, i cl . 
is 0.02 * i c i(mA) a 10, and the pulse width of the first 
electric current pulse, t el , is 5 a t cl (ns) a 200. 

18. A writing apparatus according to claim 16, wherein the 
pulse amplitude of the second electric current pulse, l oa , 
is 0.0S a Io 2 (mA) a 20, and the pulse width of the second 
electric current pulse, t 02 , is 2 a t c2 (ns) * 150. 

19. A writing apparatus according to claim 16, wherein the 
pulse amplitude of the third electric current pulse, 

is o.i a iai(mA) a 200, and the pulse width of the third 
electric current pulse, t Bl , is 1 a t ai (ns) a 100. 

20. A writing apparatus according to claim 16, wherein, in 
order to change both the first recording' layer and the second 
recording layer from the amorphous phase to the crystalline 
phase, the pulse generator generates a fourth electric 
current pulse which provides a temperature (T) that 
satisfies T x2 * T during a time (t) that satisfies t„i a t. 

21. A writing apparatus according to claim 20, wherein the 
pulse amplitude of the fourth electric current pulse, I 012 , 
Is 0.05 a I 012 (mA) a 20, and the pulse width of the fourth 
electric current pulse. t 0l2 , is 5 a t, 12 (ns) a 200. 
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22 . A writing apparatus according to claim 16 . wherein, when 
the melting point of the first recording layer, T,»i, and the 
melting point of the second recording layer, T ma , have the 
relationship T B1 *T M , in order to change the recording layer 
having the lower one of the melting points T ml and from 
the crystalline phase to the amorphous phase while the phase 
state of the recording layer having the higher one of the 
melting points T M and is kept at the crystalline phase, 
the pulse generator generates a fifth electric current pulse 
which provides a temperature equal to or higher than the 
lower one of the melting points T mX and and lower then 
the higher one of the melting points T Bi and T^. 

23. A writing apparatus according to claim 22, wherein the 
pulse amplitude of the fifth electric current pulse, I. a , 
Is 0.05 * I aa (mA) * 160, and the pulse width of the fifth 
electric current pulse, t a2 , is 1 a; t a2 (ns) s ioo. 

X \2 n 4. A reading apparatus for reading Information from a 
memory, the memory Including: 

a first recording layer for recording information 
by utilizing a reversible phase change between a crystalline 
phase and an amorphous phase which occurs due to increases 
in temperature caused by application of an electric current 
pulse; and 

a second recording layer for reaordlng information 
by utilizing a reversible phase change between a crystalline 
phase and an amorphous phase which occurs due to Increases 
in temperature caused by application of an electric current 
pulse, 

wherein the crystallization temperature of the 
first recording layer, T xl , and the crystallization 
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temperature of the second recording layer, T K2 , have the 
relationship T«i < T x2 , 

the crystallization time of the first recording 
layer, t xl , and the crystallization time of the second 
recording layer, t x2 , have the relationship t xl > t x2 , and 

R«i+R*2, R«i+Rc2, Rct+Raa. and R01+R02 are different from 
one another where the resistance value of the first recording 
layer In the amorphous phase is R al , the resistance value 
of the first recording layer in the crystalline phase is r c1 , 
the resistance value of the second recording layer in the 
amorphous phase is R« 2 , and the resistance value of the second 
recording layer in the crystalline phase is R o2 , and 

the reading apparatus including: 

an application section through which an electric 
current pulse is applied to the first and second recording 
layers ; 

a resistance measurement device for measuring a sum 
of the resistances of the first and second recording layers; 
and 

a determination section for determining which of the 
four different sums of resistance values, R«i+R« 2 , Raa+R^, 
Rci+Raa, and Rci+Rc 2 , the measured sum of the resistance values 
of the first and second recording layers is equal to. 

25. A reading apparatus according to alaim 24, wherein the 
electric current pulse has an amplitude I r having a size such 
that a phase change is not caused in the first and second 
recording layers. 

26. A reading apparatus according to claim 25, wherein the 
amplitude I P of the electric current pulse is I r (mA) * 0.02. 
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-^7. A memory/ comprising 

N recording layers (N is a natural number which 
satisfies N > 2) for recording information fey utilizing a 
reversible phase change between a crystalline phase and an 
amorphous phase which occurs due to increases in temperature 
caused by application of an electric current pulse, 

wherein the crystallization temperature of the 
m-th recording layer (1 * m * N) satisfies the relationship 

Txi < T, 2 < ... < Tjob-i < Tjcjh < Tjan+a < . . . < TlcN , 

the crystallization time t m of the m-th recording 
layer satisfies the relationship t xl > t« > ... > twn-i 
> two > t*m*i > ... > t^, and 

the resistance values of the N recording layers In 
the amorphous phase are different from one another, the 
resistance values of the N recording layers in the 
crystalline phase are different from one another, and the 
sum of the resistance values of the N recording layers Is 
one of 2 N values. 



18 . A writing apparatus for writing information In a memory, 



the memory including 

N recording layers (N is a natural number which 
satisfies N > 2) for recording information by utilizing a 
reversible phase change between a crystalline phase and an 
amorphous phase which occurs due to increases in temperature 
caused by application of an electric current pulse, 

wherein the crystallization temperature T^, of the 
m-th recording layer (1 =c m s n) satisfies the relationship 

Txl < T» 2 < ... < T™-! < Tm, < Tjna+l < . . . < T„, 

the crystallization time t„ of the m-th recording 
layer satisfies the relationship t xl > t x3 > ... > t^.x 
> t„ > t ml > . . . > t^, and 

the resistance values of the N recording layers in 
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the amorphous phase are different from one another, the 
resistance values of the N recording layers in the 
crystalline phase are different from one another, and the 
sum of the resistance values of the N recording layers is 
one of 2 M values, and 

the writing apparatus including: 

a pulse generator for generating at least 
N crystallization pulses and amorphizatlon pulse, and 

an application section through which the at least 
N crystallization pulses and amorphizatlon pulse are 
applied to the N recording layers, 

wherein in order to change only the m-th recording 
layer from the amorphous phase to the crystalline phase while 
the phase states of the other recording layers are kept 
unchanged, the pulse generator generates a crystallisation 
pulse which provides a temperature (T) that satisfies 
* T x < T MimrU during a time (t) that satisfies 
tjcm * t x < t K ( B _ij, and 

in order to change all of the N recording layers from 
the crystalline phase to the amorphous phase, the pulse 
generator generates the amorphizatlon pulse which provides 
a temperature equal to or higher than the highest one of 
the melting points of the N recording layers. 

29. A writing apparatus according to claim 28, wherein, in 
order to change all of the N recording layers from the 
amorphous phase to the crystalline phase, the pulse 
generator generates an electric current pulse which provides 
a temperature (T) that satisfies T„ * T x during a time (t) 
that satisfies t xl s t x . 



30. A writing apparatus according to claim 28, wherein, in 
order to change the m-th to (m+n-l)th recording layers among 
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the N recording layers from the amorphous phase to the 
crystalline phase, the pulse generator generates an electric 
current pulse which provides a temperature (T) that 
satisfies TWa.j, s T x < T x{tt » a) during a time (t) that 
satisfies t„n * t„ < t* (n . a) . 

31 . A writing apparatus according to claim 28 , wherein, when 
each of one or more recording layers among the N recording 
layers has a melting point equal to or lower than a 
temperature T„, and each of the other recording layers among 
the N recording layers has a melting point higher than the 
temperature T w . In order to change the one or more recording 
layers from the crystalline phase to the amorphous phase 
while the other recording layers are kept at the crystalline 
phase, the pulse generator generates an electric current 
pulse which produces the temperature T ffl . 



A reading apparatus for reading information from a 



N recording layers (N is a natural number which 
satisfies N > 2) for recording information by utilizing a 
reversible phase change between a crystalline phase and an 
amorphous phase which occurs due to increases in temperature 
caused by application of an electric current pulse. 

Wherein the crystallization temperature T m of the 
m-th recording layer (1 « m « N) satisfies the relationship 
T«i < T x2 < ... < < Tjcm < «W < ... < T^, 

the crystallization time t** of the m-th recording 
layer satisfies the relationship t xl > t x2 > ... > t^ 
> t^ > t M+1 > ... > t^, and 

the resistance values of the N recording layers in 
the amorphous phase are different from one another, the 
resistance values of the N recording layers in the 




memory, the memory including 
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crystalline phase axe different from one another, and the 
sum of the resistance values of the N recording layers is 
one of 2 M values, and 

the reading apparatus Including: 

an application section through which an electric 
current pulse is applied to the N recording layers; 

a resistance measurement device for measuring a sum 
of the resistances of the N recording layers; and 

a determination section for determining which of the 
2 N different values for the sum of resistance values the 
measured sum of the resistance values of the N recording 
layers is equal to. 

s^33 . A method for writing information in a memory, the memory 
including: 

a first recording layer for recording information 
by utilizing a reversible phase change between a crystalline 
Phase and an amorphous phase which occurs due to increases 
in temperature caused by application of an electric current 
pulse ; and 

a second recording layer for recording information 
by utilizing a reversible phase change between a crystalline 
phase and an amorphous phase which occurs due to increases 
in temperature caused by application of an electric current 
pulse, 

wherein the crystallization temperature of the 
first recording layer, T^, and the crystallization 
temperature of the second recording layer, T^, have the 
relationship T xx < T x3i 

the crystallization time of the first recording 
layer. t xi , and the crystallization time of the second 
recording layer, t x2 , have the relationship t xl > t«, and 

R al +R*a, R 0 i+Ro2, R*i+R a2 . and R ci +Roa are different from 
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one another where the resistance value o£ the first recording 
layer in the amorphous phase is R^, the resistance value 
of the first recording layer in the crystalline phase is R cl , 
the resistance value of the second recording layer in the 
amorphous phase Is R aa , and the resistance value of the second 
recording layer in the crystalline phase is R^, and 
the writing method including steps of: 
generating at least first to third electric current 
pulses; and 

applying the at least first to third electric 
current pulses to the first recording layer and the second 
recording layer, 

wherein, in the step of generating the at least first 
to third electric current pulses, in order to change the 
first recording layer from the amorphous phase to the 
crystalline phase while the phase state of the second 
recording layer Is kept unchanged, the pulse generator 
generates the first electric current pulse which provides 
a temperature (T) that satisfies T xl a T < t x2 during a 
time (t) that satisfies t xl s t, 

in order to change the seaond recording layer from 
the amorphous phase to the crystalline phase while the phase 
state of the first recording layer is kept unchanged, the 
pulse generator generates the second electric current pulse 
which provides a temperature (T) that satisfies T x2 a T 
during a time (t) that satisfies t xa a t < t, a , and 

in order to change both the first recording layer 
and the second recording layer from the crystalline phase 
to the amorphous phase, the pulse generator generates the 
third electric current pulse which provides a temperature 
equal to or higher than the higher one of the melting points 
of the first and second recording layers. 
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34. A method for reading information from a memory, the 
memory including t 

a first recording layer for recording Information 
by utilizing a reversible phase change between a crystalline 
phase and an amorphous phase which occurs due to Increases 
in temperature caused by application of an electric current 
pulse; and 

a second recording layer for recording information 
by utilizing a reversible phase change between a crystalline 
phase and an amorphous phase which occurs due to Increases 
in temperature caused by application of an electric current 
pulse, 

wherein the crystallization temperature of the 
first recording layer, T«i, and the crystallization 
temperature of the second recording layer, T x3 . have the 
relationship T«i < T x2 , 

the crystallization time of the first recording 
layer, t xi , and the crystallization time of the second 
recording layer, t« 2 , have the relationship t a > t« a , and 

Rai+R*a, Rai+Rca, Rci+Raa , and Roi+Rca are different from 
one another where the resistance value of the first recording 
layer in the amorphous phase is R. 1# the resistance value 
of the first recording layer in the crystalline phase is Roi, 
the resistance value of the second recording layer in the 
amorphous phase is R aa , and the resistance value of the second 
recording layer in the crystalline phase is R o3 , and 

the reading method including steps of: 

applying an electric current pulse to the first 
recording layer and the second recording layer; 

measuring a sum of the resistances of the first and 
second recording layers; and 

determining which of the four different sums of 
resistance values, R^+R,*, R^+R^, Rci+R a a, and R ol +R 02 , the 
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measured sum of the resistance values of the first and second 
recording layers is equal to. 

^a^. A method for writing information in a memory, the memory 
including 

N recording layers (N is a natural number which 
satisfies N > 2) for recording Information by utilizing a 
reversible phase change between a crystalline phase and an 
amorphous phase whlah occurs due to increases in temperature 
caused by application of an electric current pulse, 

wherein the crystallization temperature of the 
m-th recording layer (1 s m s N) satisfies the relationship 

Tjel < T x a < ... < TWj < T™ < IWx < ... < T**, 

the crystallization time t m of the m-th recording 
layer satisfies the relationship t xl > t x2 > . . . > t^-i 
> t** > t^i > . . . > t,i,, and 

the resistance values of the N recording layers in 
the amorphous phase are different from one another, the 
resistance values of the N recording layers in the 
crystalline phase are different from one another, and the 
sum of the resistance values of the N recording layers Is 
one of 2 N values, and 

the writing method including steps of: 

generating at least N crystallization pulses and 
amorphization pulse, and 

applying the at least N crystallization pulses and 
amorphization pulse to the N recording layers, 

wherein, in the step of generating the first to 
(N+l)th electric current pulses, in order to change only 
the m-th recording layer from the amorphous phase to the 
crystalline phase while the phase states of the other 
recording layers are kept unchanged, the pulse generator 
generates a crystallization pulse which provides a 
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temperature (T) that satisfies *„ s Tx < T*^, during a 
time (t) that satisfies t m x t, < t x{m . l)r and 

in order to change ail of the N recording layers from 
the crystalline phase to the amorphous phase, the pulse 
generator generates the amorphlzatlon pulse which provides 
a temperature equal to or higher than the highest one of 
the melting points of the N recording layers. 

">6-. A method for reading information from a memory, the 
memory including 

N recording layers (N is a natural number which 
satisfies N > 2) for recording information by utilizing a 
reversible phase change between a crystalline phase and an 
amorphous phase which occurs due to increases in temperature 
caused by application of an electric current pulse. 

wherein the crystallization temperature of the 
m-th recording layer (1 s m * N) satisfies the relationship 
Txi < T x2 < ... < T „. a < < T„ +1 < . . , < TxN , 

the crystallization time t m of the m-th recording 
layer satisfies the relationship t,! > t x2 > . . . > t M ., 
> t» > t > ... > t**, and 

the resistance values of the N recording layers in 
the amorphous phase are different from one another, the 
resistance values of the N recording layers in the 
crystalline phase are different from one another, and the 
sum of the resistance values of the N recording layers is 
one of 2 N values, and 

the reading method including steps of: 
applying an electric current pulse to the 
N recording layers; 

•measuring a sum of the resistances of the 
N recording layers; and 

determining which of the 2 N different values for the 




sum of resistance values the measured sum of the resistance 
values of the N recording layers is equal to. 



